Epidemiological data indicate that emotional stress and depression might influence the development of gastrointestianl disorders and cancers, but the relationship between the two is still unclear. The aim was to investigate the effect of stress/depression on the prevalence of digestive diseases. In addition, we tried to identify whether stress and depression are risk factors for these diseases.
Introduction
Emotional stress and depression can down-regulate various parts of the immune system, which is located in both the central nervous system and the peripheral nervous system, by influences on the principal effectors, such as neurotransmitters, neuropeptides, neurohormones and adrenal hormones. 1 There have been many studies on the association between stress/depression and cancer.
Cancer is a heterogeneous disease group with various causes, including chemical carcinogens, immunological, psychological, and behavioural factors. [2] [3] [4] Previous studies have revealed that emotional stress can increase the risk of cancer. 1, 4, 5 Also, the prevalence of depression among cancer patients is known to increase with disease severity and symptoms. 1, 4 However, the association between depression and subsequent cancer incidence is still unclear, although severe and chronic depression may be linked with elevated cancer risk.
2,3
On the other hand, previous studies have shown that emotional stress and depression might influence the development of functional gastrointestinal (GI) disorders, such as functional dyspepsia (FD) and irritable bowel syndrome (IBS). [6] [7] [8] [9] However, the association between the organic GI disorders and stress/depression is still unknown; except for a recent study, which reported that reflux esophagitis is associated with emotional stress. 10 The aim of our study was to investigate the effect of stress and depression on the prevalence of digestive diseases, including FD, IBS, reflux esophagitis, peptic ulcer disease (PUD), and adenoma and carcinoma of the stomach and colon. In addition, we tried to identify whether stress and depression are risk factors for these diseases.
M aterials and M ethods

Patients
This study was based on the medical records of examinees who underwent upper and lower endoscopy at our center from January 2010 to March 2014. Subjects who did not answer the questionnaires and subjects who refused to undergo a biopsy were excluded from the study. The study was approved by the Institutional Review Board (IRB) of Konkuk University School of Medicine which confirmed that the study was in accordance with the ethical guidelines of the Helsinki Declaration (KUH1010576).
After the IRB approval, this study was registered in the Clinical Research Information Service (CRIS) (ID: KCT0001101). All authors had access to the study data and reviewed and approved the final manuscript.
Questionnaires and Definitions
A self-reporting questionnaire was filled out by all the examinees. The questionnaire included the following items; underlying disease, medication history, history of malignant tumor, smoking, alcohol intake, the test for depression, the test for stress, symptoms of dyspepsia and irritable bowel syndrome. Other than the questionnaires, the medical record data of the subject's age, gender, height, and weight were reviewed.
The Brief Encounter Psychosocial Instrument-Korean version (BEPSI-K) was used to measure the severity of stress.
11 De- pression was assessed using the Korean version of the Beck's Depression Inventory (K-BDI) scoring system. 12 The BEPSI-K is a 5-item self-report questionnaire. The sum of the five items is divided by five for the final score, and a subject with a higher final score experiences more stress. There were 3 groups based on the final score; the score of 0 to 1.8 indicates a low level of stress; 1.8 to 2.8, moderate level of stress; and more than 2.8, high level of stress. Our study considered the total score of ≥ 2.4 as the high stress group. 10, 11 The BDI consists of 21 self-administered items with scores ranging from 0 to 63. The total score of 0 to 9 indicates no depression; 10 to 15, mild depression; 16 to 23, moderate depression; and 24 to 63, severe depression. We set the cut off value of 10 as positive for depression. FD was defined as follows: One or more of the following symptoms occurred for more than 3 days per month in the last 3 months: (1) bothersome postprandial fullness, (2) early satiation, (3) epigastric pain, and (4) epigastric burning. Furthermore, there should be no evidence of any structural diseases that is likely to explain the symptoms on upper endoscopy. According to Rome III criteria, IBS was defined as follows: Recurrent abdominal pain or discomfort occurred for more than 3 days per month in the last 3 months, associated with 2 or more of the following symptoms: (1) improvement with defecation, (2) onset associated with a change in frequency of stool, and (3) onset associated with a change in form of stool. In addition, there should be no evidence of any structural diseases that are likely to explain the symptoms on colonoscopy. Heavy drinking was defined as consuming 15 drinks or more per week for men and 8 drinks or more per week for women. 
Endoscopic and Histologic Findings
All examinees provided written consent to undergo the endoscopic procedures. We searched for the endoscopic records to identify the diseases which are capable of causing GI symptoms, such as gastric/duodenal ulcer, reflux esophagitis, and mass in the GI tract. In addition, the presence or absence of adenoma/carcinoma of the GI tract, chronic atrophic gastritis, and metaplastic gastritis was investigated through the endoscopic and histologic records.
Statistical Methods
Continuous variables were presented as mean ± standard deviation (SD), and categorical variables as number (%). To analyze the association between depression/stress and digestive diseases, the data were compared using the Chi-square test and Student's t test. Then, we performed logistic regression analysis to estimate the odds ratio (OR) and 95% confidence interval (CI) for factors that independently caused the digestive diseases. All analyses were conducted using SPSS version 19.0 (SPSS Inc, Chicago, IL, USA). A P-value of ＜ 0.05 was considered statistically significant.
Results
Characteristics of Subjects
We identified 23 698 subjects (males 63.2%) during the Table 1 ). The number of subjects having a K-BDI score ≥ 10 was 1257 (5.4%, the depression group), and the number of subjects having a BEPSI-K score ≥ 2.4 was 2219 (9.4%, the high stress group). The number of subjects who belonged to both groups was 432 (1.8%). The questionnaire on K-BDI was not filled out by 423 subjects.
The number of subjects who had symptoms of FD was 12 935, and 5779 subjects were excluded due to abnormal findings on upper endoscopy, such as peptic ulcer disease, reflux esophagitis, advanced GI cancer, and post-operative state of the stomach. The number of subjects who had symptoms of IBS was 7968, and 2402 subjects were excluded due to abnormal findings on lower endoscopy, such as advanced GI cancer, post-operative state of the colon and rectum, suspicious or definite intestinal tuberculosis and inflammatory bowel disease, and other forms of infectious colitis. Finally, the number of subjects with FD and IBS was 7156 (31.2%) and 5566 (26.8%), respectively. Other baseline characteristics of the subjects are shown in Table 1 . 
The High Stress Group and the Depression Group
Subjects with a high stress score were younger and more common among in men (Table 2 ). They showed a higher incidence of obesity, current smoking, social and heavy drinking, FD, IBS, reflux esophagitis, and NSAID medications. They also showed a lower incidence of antiplatelet medication. Meanwhile, subjects with depression were younger and had female predominance (Table 3 ). They showed a higher incidence of underweight, current smoking, FD, IBS, adenoma and carcinoma of the stomach, and NSAID medication. They also showed a lower incidence of reflux esophagitis, PUD, and colorectal neoplasia. Subjects who quit smoking and social drinkers were less likely to become depressed. Past history of cancer and underlying diseases was not linked with high stress and depression.
Association Between Stress/Depression and Digestive Diseases
Logistic regression analysis revealed that stress and depression were independent risk factors for FD (OR, 1.713; 95% CI, 1.526-1.923; P ＜ 0.001 and OR, 1.984; 95% CI, 1.705-2.309; P ＜ 0.001) and IBS (OR, 1.730; 95% CI, 1.539-1.945; P ＜ 0.001 and OR, 3.508; 95% CI, 3.005-4.096; P ＜ 0.001) ( Table  4 ). In addition, FD was significantly more common in younger subjects, females, current smokers, and subjects having lower body weight. IBS was significantly more common in younger subjects, current smokers, subjects having lower body weight, and subjects who took a NSAID medication.
The incidence rates of FD and IBS according to the severity of stress and depression are shown in Figure. The incidence rates of FD and IBS increased along with the stress level. And the incidence rates of FD increased as the severity of depression Figure. The incidence rates of functional gastrointestinal disorders according to the severity of stress and depression. The incidence rates of FD and IBS increase as the stress level increases (A). As the depression becomes more severe, the incidence rate of FD increases. However, the incidence rate of IBS was higher in the subjects with mild depression than in those with severe depression (B). The BEPSI-K score of ＜ 1.8 indicates a low level of stress; 1.8 ≤ to ＜ 2.8, a moderate level of stress; and ≥ 2.8, a high level of stress. The K-BDI score of 0 to 9 indicates no depression; 10 to 15, mild depression; 16 to 23, moderate depression; and 24 to 63, severe depression. K-BDI, Korean version of the Beck's Depression Inventory; BEPSI-K, the Brief Encounter Psychosocial Instrument-Korean version; FD, functional dyspepsia; IBS, irritable bowel syndrome. In colonic neoplasia, the following parameters were excluded from the analysis, because the P-values from the Chi-square test were more than 0.05; BEPSI-K level ≥ 2.4 (P = 0.402), nonsteroidal anti-inflammatory drugs (NSAID) (P = 0.863), past history of cancer (P = 0.171), past history of stomach or colon cancer (P = 0.147).
In stomach neoplasia, the following parameters were excluded from the analysis, because the P-values from the Chi-square test were more than 0.05; BMI ≥ 25 (P = 0.587), BEPSI-K level ≥ 2.4 (P = 0.147), NSAID (P = 0.631), past history of cancer (P = 0.452), past history of stomach or colon cancer (P = 0.227).
increased. However, the incidence rates of IBS were highest among the subjects having mild depression.
Old age (≥ 50 years), male sex, obesity, smoking, heavy drinking, and atrophic or metaplastic gastritis were independent risk factors for colonic adenoma and carcinoma (Table 5 ). In the multivariate analysis, stress and depression were found to have no significant relationship with colonic neoplasia. Depression was an independent risk factor for stomach adenoma and carcinoma (OR, 4.543; 95% CI, 2.415-8.549; P ＜ 0.001). In addition, old age (≥ 50 years), smoking, and atrophic or metaplastic gastritis In peptic ulcer disease, the following parameters were excluded from the analysis, because the P-values from the Chi-square test were more than 0.05; BEPSI-K level ≥2.4 (P = 0.862), anticoagulant (P = 1.000).
were also associated with stomach neoplasia. Male sex, obesity, current smoking, and younger age were independent risk factors for reflux esophagitis (Table 6 ). Male sex, obesity, current smoking, old age, NSAID medication, and atrophic/metaplastic gastritis were independent risk factors for PUD. Subjects with depression had less reflux esophagitis and PUD, and subjects with high stress had more reflux esophagitis. However, after multivariate analysis, reflux esophagitis and PUD were not related with stress/depression.
Discussion
Stress and depression were independent risk factors for FD and IBS in our large-scale population-based study, and this finding was consistent with that in several previous studies. [6] [7] [8] [9] This association is probably derived from mutual and reciprocal interactions between the brain and the gut. 8, 13 Corticotropin-releasing hormone (CRH), a major mediator of the stress response in the brain-gut axis, can increase intestinal permeability and lead to FD and IBS. In addition, serotonin and the serotonin transporters, which assist the modulation of feelings and behavior such as anxiety and depression, can be associated with brain-gut function in functional GI disorders. In our study, the incidence rates of FD and IBS increased as the stress level increased, and the incidence rate of FD increased as the depression became more severe. However, as shown in Figure, the incidence rate of IBS was higher in the subjects with mild depression than in those with severe depression. To date, the relationship between the severity of depression and IBS has been unclear, and our result shows that IBS is related more with mild depression than with severe depression. In addition, this result indirectly demonstrates that FD and IBS have a different pathophysiology. Our study revealed that depression was an independent risk factor for gastric adenoma and carcinoma. This result shows that depression may be linked with elevated stomach cancer risk. Changes of eating habits or life style due to depressive symptoms might affect development of gastric tumor. This may be an indirect cause of developing gastric tumor in depressed patients. However, depression can also directly cause gastric cancer. Previous studies revealed that the activation of the hypothalamic-pituitary-adrenal (HPA) axis in patients with depression probably impairs the immune system and contributes to the development of cancer.
1,2 However, depression was not a predictor of colonic neoplasia in our study; this is probably because of the high incidence of tiny colon adenoma and the relatively very small number of colon cancer. On the other hand, there was no association between emotional stress and GI cancer incidence. A recent study showed that reflux esophagitis is associated with emotional stress. 10 In our study, reflux esophagitis was not only associated with emotional stress, but also with depression. However, stress and depression were not independent risk factors for the disease. In general, patients with high stress have unhealthy lifestyles as observed in our results. Therefore, without directly triggering esophagitis, emotional stress might be associated with the disease due to bad lifestyle habits, including smoking and weight gain. It is unclear why the subjects with depression had lower incidence of reflux esophagitis. One of the reasons for this is probably that the subjects with depression were less obese. According to the results of our study, stress and depression were not independent risk factors for PUD. Excessive stress is known as one of the causes of PUD; however it does not mean that subjects having high stress suffered more from PUD. In addition, Korea is one of the highest endemic areas for H. pylori infection. Because of the high incidence of H. pylori-related ulcer, the incidence of stress-induced ulcer may be relatively low and it seems likely that this is one of the factors that influence the outcome. Subjects in the high stress group and depression group, and IBS patients took a NSAID medication more frequently in our study. We think that this is because the subjects who took a NSAID often had a chronic illness or pain. Chronic illness and chronic pain can be associated with emotional stress and depression, and IBS patients frequently have chronic visceral pain. [14] [15] [16] Our study showed that drinking and smoking are closely associated with stress and depression. It is interesting that people who had stopped smoking and social drinkers were among the most infrequently depressed. On the other hand, non-smokers and non-drinkers were the least likely to be stressed.
This study has several limitations. First, the chronicity of stress and depression was not evaluated, because the assessment was performed only once. To show an association of stress and depression with cancer, several assessments over a long period are needed. Second, there were some missing values. BMI, smoking, drinking, and depression status were not measured in 128, 2613, 1016, and 423 subjects, respectively. In addition, the number of subjects who did not answer the questionnaire survey on FD and IBS was 767 and 2940, respectively. However, most of the examinees filled out the survey properly, and we excluded these missing data from the analysis process. Third, it is well known that IBS is significantly associated with anxiety disorders. 17 However anxiety symptoms were not evaluated because it was not included in our questionnaire. In addition, the definition of FD was not entirely compatible with Rome III criteria and the subtype of FD and IBS was not evaluated. These are the limitations of a retrospective study. Fourth, H. pylori infection, the most powerful risk factor for PUD, was not included in the analysis, because the subjects who were examined for H. pylori infection accounted for only a small proportion of the total subjects. Fifth, depression and cancer can influence each other. The prevalence of depression among cancer patients is known to increase with disease severity and symptoms. In our study, however, most of gastric cancers were found in early stage and the patients had no cancer-related symptoms. In addition, the survey for depression was done before the cancer was diagnosed. Therefore there is a very little likelihood that the cancer causes depression. Sixth, the percentage of the population with symptoms of functional GI disorders was relatively high in our study. This may be because the baseline characteristics of our subjects differ from that of the general public. The population that has regular medical checkups of their own accord is in relatively good health. However they tend to be also very concerned about their health and some of them have checkups when the symptoms occur. Seventh, we did not consider the medication history of individuals which might affect the severity of stress and depressive symptoms, such as antidepressant and antipsychotic medications. In spite of the limitations, this largescale study offers many insights into the relationships between stress, depression and the digestive diseases.
In conclusion, emotional stress and depression are related to many different digestive diseases, and they are independent risk factors for FD and IBS. Therefore, the evaluation of mental state may help to assess the patients with GI symptoms, especially patients with symptoms of FD or IBS. Depression may be a cause of gastric cancer; hence gastric cancer screening in depressed patients might be necessary. However, further studies are required to confirm the results.
